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Angina is an important though relatively insensitive and
nonspecific predictor of the presence of significant coro-
nary occlusive disease. If angina is present , there is a
high probabUity of significant coronary atherosclerosis.
However, the lack of angina, even with vigorous exer-
tion, does not imply absence of severe and potentially
lethal amounts of coronary stenosis because a high per-
cent of patients who have had sudden cardiac arrest or
myocardial infarction have not had prior angina pec-
toris. In many studies that carefully and specificallyex-
amined the prognostic importance of angina in relation
Because of the association between angina pectoris and sud-
den death , there has been an enormous and increasing in-
terest in this disorder since its recognition and description
by William Heberden in the late 18th century. The question
of the relation and independence of the symptom of angina
pectoris and the likelihood of sudden cardiac death is of
great clinical importance in the care of the individual patient,
as well as a factor of major significance in terms of national
strategy for the management of coronary heart disease . The
question can be rephrased as , "How sensitive and how
specific is the symptom of angina pectoris as a predictor of
sudden death in persons with coronary atherosclerotic heart
disease?" The importance of this question is largely self-
evident. If angina was a sensitive indicator of "dangerous
levels" of myocardial ischemia, then sudden death due to
ischemia would be rare in asymptomatic persons , even those
with advanced coronary disease by angiography . This pos-
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to other variables, neither the presence of angina nor its
severity was of prognostic significance, although a few
studies suggested that the unstable form of angina may
have unfavorabie prognostic significance independent of
the state of left ventricular function or the severity of
coronary atherosclerosis. Thus, it would not appear to
be wise to base individual or national decisions aimed
at reducing the likelihood of death from coronary disease
primarily on the presence or absence of angina pectoris.
(J Am CoU CardioI1985;5:167B-174B)
sibility has been suggested by the several recent reports
including that of the recent Coronary Artery Surgery Study
(CASS) (1) randomized trial of persons with relatively mild
angina pectoris and angiographically demonstrated coronary
disease.
If this interpretation is correct , it would greatly diminish
the indications for both invasive study and coronary bypass
surgery or angioplasty in persons without severe angina
pectoris. From the epidemiologic standpoint, one would
develop a strategy that would detect the person with angina
pectoris and focus further diagnostic study primarily on
these persons . In my review of this question, the three major
lines of evidence will be examined: 1) the likelihood of
sudden cardiac death as the first manifestation of coronary
heart disease because this implies that even a lethal degree
of coronary disease may be asymptomatic; 2) the importance
of the specific symptom , angina pectoris , on survival in
persons with documented coronary heart disease, as deter-
mined by uninvariate and multivariate analysis in follow-
up studies of persons with such coronary heart disease; and
3) long-term follow-up studies of asymptomatic or mini-
mally symptomatic persons with established coronary heart
disease.
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Table 2. Survivors of Out-oC-Hospital Ventricular Fibrillation
Table 1. Sudden Coronary Death in Framingham and
Albany Studies
*16% of all first coronary attacks are sudden deaths, the first and
terminal clinical manifestation of coronary disease. CHD = coronary heart
disease. (Reprinted with permission from Kannel WB, et al. [3].)
62 (57%)
4,120 men, aged 30 to 62 years, free
from CHD at initial examination
followed up for 16 years
234 men
109 « I hour)*
47 (43%)
234 patients successfully resuscitated and
discharged from hospital
228 patients
77 patients (34%) whose sudden episode of
(imminent) cardiac death was the first
manifestation of CHD
With adequate medical
history
Without prior symptoms
No. of patients
No. of patients
CHD deaths
Sudden
With prior CHD
(••symptomatic")
With prior CHD
('.asymptomatic")
with those of Cobb et al. from Seattle (4) who studied
persons surviving out-of-hospital ventricular fibrillation (Ta-
ble 2). Of 228 such patients from whom an adequate history
could be obtained, 77 (34%) were judged to have been free
from symptoms of coronary heart disease before their sud-
den episode of ventricular fibrillation. This is perhaps the
most reliable type of information available about the pres-
ence or absence of symptoms before sudden cardiac death.
The information was obtained from the subjects themselves
and again emphasizes that a very substantial percent of
patients experiencing sudden cardiac death are asympto-
matic before the episode. In another study by the same group
(5), in only 6 of 38 witnessed episodes of sudden cardiac
death was there any evidence of chest pain or dyspnea im-
mediately before death, and in 4 of these patients the symp-
toms were less than 5 minutes in duration.
Baltimore Study. The frequency of the most common
prodromal symptoms in 232 patients without prior history
of heart disease who died suddenly from arteriosclerotic
heart disease was examined in the Baltimore Study of Kuller
et al. (6) (Table 3). Information was obtained by interviews
with surviving relatives. The nonspecific symptom of fa-
tigue was most common (present in >40% of patients),
while chest pain was present in only 30% of the victims.
Again, the evidence supports the conclusion that a high
percent of persons without known heart disease experiencing
sudden death are without preexisting angina pectoris. Post-
mortem study in these patients showed that most had severe
multivessel coronary atherosclerotic stenosis (6).
~
5 % I year
Figure 1. Findings of the Framingham Study. AP = angina pec-
toris; MI = myocardial infarction; VA = unstable angina. (Data
modified from Kannel WB, Feinlieb M [2] with permission.)
Sudden Death as the Initial Manifestation of
Coronary Heart Disease
Framingham and Albany Studies. In the community
studies of Framingham, Massachusetts of men, aged 30 to
62 years, who were asymptomatic at the time of initial
examination, "sudden and unexpected death" was the ini-
tial manifestation of arteriosclerotic heart disease in 13% of
those developing this disease, with angina pectoris being
the first evidence in 38% and acute myocardial infarction
in 42% (Fig. 1); in 7%, unstable angina was the first in-
dication of coronary disease (2). When data from the study
of civil servants of Albany were combined with the Fra-
mingham data, a total cohort of 4,120 men, aged 30 to 62
years, was obtained (3). During the 16 years of follow-up,
234 men died due to coronary heart disease, including 109
whose death was sudden « 1 hour after the onset of symp-
toms). Forty-seven (43%) of these 109 deaths were in men
with prior evidence of coronary disease, whereas 62 (57%)
of all sudden deaths occurred in apparently asymptomatic
men (Table 1).
The incidence of sudden death in the Framingham Study
was 1.54, 3.61 and 3.24 per 1,000 population per year for
men aged 45 to 54,55 to 64 and 65 to 74 years, respectively.
This emphasizes the magnitude of the problem because these
numbers translate into hundreds of thousands of asympto-
matic men in the United States who will have a sudden,
unexpected death each year. Since the subjects of these
investigations were apparently healthy and employed men
(who were not of advanced age) involved in medical follow-
up studies, it seems probable that if they were not truly
asymptomatic, they did not recognize the symptoms they
experienced before the death as being indicative of coronary
heart disease. This experience is consistent with other com-
munity studies (3) in which the percent of persons experi-
encing sudden coronary death without prior diagnosis of
coronary disease, ranged from 30 to 60% of all patients
with sudden death (3).
Seattle studies. These conclusions also are consistent
Death from
Chronic Coronary Disease
CHD = coronary heart disease. (Reprinted with permission from Cobb
LA, et al. [4].)
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Table 3. Some Characteristics of Sudden Deaths Due to Atherosclerotic Heart Disease and in
Patients With No Prior History of Heart Disease
History of
Prodromes Previous 2 Weeks
Race/Age No. Hypertension (%) Fatigue (% ) Chest Pain (%) Dyspnea (%)
W/M 125 30 44 31 25
W/F 40 42 48 25 38
B/M 56 41 34 36 25
B/F II 55 46 9 45
Total 232
B = black; F = female; M = male; W = white. (Reprinted with permission from Kuller LH. et al. [6] .)
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From this evidence. it is apparent that sudden death is
seen as the initial expression of coronary disease in a sub-
stantial proportion of persons with this disease. It follows
that the symptom complex of angina pectoris is not a sen-
sitive indicator of even very severe coronary disease.
Lack of prodromal symptoms in myocardial infarc-
tion. This conclusion is entirely consistent with the nu-
merous observations relating to the lack of prodromal symp-
toms in many persons with acute myocardial infarction. This
question has been examined by a number of investigators
(7-9). The incidence of prodromal symptoms in patients
sustaining a first myocardial infarction ranges from 10 to
60%, with chest pain more or less suggestive of angina in
50 to 70% of these individuals. In my own experience over
the years, I have been impressed by the infrequency with
which I can obtain a history of effort angina as prodromal
to acute myocardial infarction , even in patients subsequently
shown to have very severe multivessel coronary disease .
With the recent advent of management of acute myocardial
infarction by intracoronary thrombolysis, "stat surgery" or
" stat angioplasty," coronary arteriography is frequently
carried out in the setting of acute myocardial infarction. It
is impressive to see extremely severe , multivessel coronary
artery disease in a person who has just denied any chest
discomfort preceding the admitting event despite a vigorous
and active lifestyle . Again, these observations are supported
?y demonstration from the Framingham Study that approx-
irnately one-fourth of all first infarctions in that community
were unrecognized at the time; that is, they were without
the typical pain of acute infarction and at times truly
subclinical .
I have seen a number of vivid examples of myocardial
infarction without pain-at times during the acute event ,
with admission to the emergency room precipitated by weak-
ness, dyspnea or diaphoresis-and in a number of others
b~ the later development of congestive heart failure or by
discovery of a recent infarction on an electrocardiogram
made at routine examination in an alert patient who vig-
orously denies any pain even on leading questioning. All
of these observations emphasize that severe and potentially
let~al coronary disease commonly exists without angina pee-
tons . Any strategy aimed at reducing our national mortality
rate from coronary disease must recognize this essential fact.
The Importance of Angina Pectoris as a
Predictor of Cardiac Mortality
The importance of the symptom angina pectoris lies in
its relation to the probability of sudden death. This asso-
ciation was clearly recognized by Heberden in the 18th
century and by essentially all investigators studying angina
since that time. Thus , it has become established in our minds
that such chest pain is dangerous (and the lack of it is safe-
or at least safer) and one can generate a reasonable hy-
pothesis as to why this might be so. However, one of the
most significant advances in our understanding of this dis-
ease was the demonstration by Friesinger et al. (11) in 1970
that the dominant influence on survival of patients with a
chest pain syndrome was not the type of pain they had, but
the extent and severity of coronary artery stenosis as judged
from coronary arteriography (Table 4). Thus, if the coronary
arteriographic score was high, indicating advanced disease,
the mortality rate was high , both in patients with classic
angina pectoris and those with atypical chest pain. Con-
versely, if the score was low, the mortality rate was low in
both groups, indeed 0 in 17 patients with classic angina
followed up for 5 years with a coronary arteriographic score
of 0 to 4.5% indicating minimal disease. The clear indication
of this study is that the importance of angina is in its pre-
diction of the presence of coronary stenosis, rather than a
specific relation of the symptom itself to a high probability
of sudden death. Also, it is the severity of the coronary
disease and its sequelae in the myocardium and conducting
tissues that are closely related to probability of sudden death,
Table 4. Data Showing That the Dominant Influence on
Survival Is Not the Symptom of Complex Angina but the
Coronary Arteriographic (CAG) Score*
Typical Angina Atypical Pain
(n = 72) (n = 34)
CAG Score No. Deaths % No. Deaths %
to to 15 35 16 46 8 5 63
5 to 9.5 20 3 15 9 I II
o to 4.5 17 0 0 17 0 0
*5 years follow-up. (Data from Friesinger GC. et al. [II).)
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Table 5. Effects of Angina on Survival of 259 Patients With Coronary Disease at
Coronary Arteriography
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Group
Single vessel disease* (total patients)
With angina
Without angina
Double vessel disease (total patients)
With angina
Without angina
Triple vessel disease (total patients)
With angina
Without angina
Total group
With angina
Without angina
No. at Start
101
57
44
94
71
23
64
53
II
259
181
78
Dead at 5 Years
8
3
5
29
21
8
29
22
7
66
46
20
5 Year Survival Rate (%)
92
95
89
65
70
65
55
58
33
75
75
74
*50% narrowing of luminal diameter. (Data from Burggraf GW, Parker 10 [12].)
not the severity of the chest pain that mayor may not
accompany it.
Burggraf and Parker (12) in another study of the deter-
minants of survival in patients studied by coronary arteri-
ography also specifically examined the relation between the
presence or absence of typical angina in 259 patients with
single, double or triple vessel disease , respectively, and the
probability of survival in a 5 year follow-up period (Table
5). The presence or absence of angina pectoris made no
discernible difference in survival among the patients with
single , double or triple vessel disease . Twenty-five percent
of the 181 patients with angina died within 5 years , as did
26% of the 78 persons without angina .
Multivariate Discriminant Analysis
Another way of assessing the potential importance of
angina is by the application of multivariate discriminant
analysis. In 1979, Hammermeister et al. (13) reported the
results of such multivariate analyses applied to some 38
variables selected from more than 300 initially recorded
items and related these to prognosis . These descriptors were
obtained from the clinical examination including the medical
history, with particular attention to the presence or absence
of angina, the physical examination, the rest electrocardio-
gram and chest X-ray study, coronary arteriography and
quantitative angiographic assessment of left ventricular
function (Table 6). The variables selected by this progres-
sive statistical analysis for the medical patients included: 1)
ejection fraction; 2) age of the subject ; 3) number of coro-
nary vessels significantly stenosed; and 4) ventricular ar-
rhythrnias. Significantly, in neither the medical nor the sur-
gical analyses was angina in any form selectedas a significant,
independently contributing predictor of survival.
In an earlier study of variables predicting survival on
the basis ofclinical and arteriographic findings and utilizing
discriminant analysis, Oberman et al. (14) found seven vari-
abIes contributing significantly and independently to sur-
vival (Table 7). In this study in which no direct measurement
of ventricular function was available , heart size, symptoms
of congestive failure and the severity of the stenosis of the
several coronary artery branches were the significant con-
tributions. Significantly, the presence or absence of angina
was not found to be independently contributory.
Table 8 illustrates another application of discriminant
analysis. This analysis was of 2,789 men surviving acute
myocardial infarction and randomly assigned to placebo
therapy in the recent National Coronary Drug Project (15) .
Again, angina was not an important predictor of survival.
In fact, it was ranked only 24th among the 40 potentially
predictive variables evaluated and did not add significant,
independent predictive information .
The most recent and one of the most important of these
Table 6. Seattle Heart Watch (stepwise selection of covariates
using Cox's regression model for survival analysis)
Chi-Square
Step Variable Entered Statistic
Medical Group (n = 55)
I Ejection fraction 48.54
2 Age 17.16
3 Number of vessels 7.36
with stenosis(es) ;a:70%
4 Ventricular arrhythmia 4.46
Surgical Group (n = 913)
I Ventricular arrhythmia 19.4
2 Ejection fraction 13.22
3 Heart murmur 10.96
4 Left main coronary 7.94
artery stenosis
5 Use of diuretic drugs 5.38
n = number of patients in each Cox 's regression analysis. (Reprinted
with permission from Hammermeister, et al. [13].)
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Table 7. Determinants of Survival by Discriminant Function
Analysis in 210 Patients
Table 9. Clinical, Exercise Test and Angiographic Predictors
in CASS
Table 10. Independently Significant Predictors of Survival
AfterJoint Analysis of 81 Noninvasive and Invasive
Baseline Characteristics
*Though specifically tested , neither presence nor absence of angina
nor its severity, contributed independently to prediction of survival. (Re-
printed with permission from Weiner D, et al. [16].)
By Cox regression analysis, the significant independent predictors of
survival" were:
I . Left ventricular ejection pattern
2. Number of diseased coronary vessels
3. Gender
4. Treatment for congestive failure
5. Peak heart rate
6. Final exercise stage
Therefore, angina could not contribute to the likelihood of
the presence of significant coronary artery disease, which
as previously noted appears to be its primary link with
sudden death .
Unstable angina: Duke experience. There are other
multivariate studies that suggest that angina pectoris in at
least some forms (specifically the unstable syndromes of
progressive or "crescendo" angina) may contribute inde-
pendently to prognosis. Harris et al. (17) at Duke University
specifically examined 57 noninvasive clinical characteristics
and 24 catheterization descriptors (Table 10). When com-
bined in an analysis using the Breslow formulation of the
Cox proportional hazard model , 13 of these 81 descriptors
were found to contribute independent information. Pro-
gressive angina was selected in the 11th position and noc-
turnal angina in the 12 position; a history of peripheral
vascular disease ranked 2nd. It appears that the unstable
state itself may be a primary additional determinant of prog-
nosis, acting independently of the extent and location of
Adjusted
p ValueCharacteristic
Standard
Variable p Value* B Value
Heart size < 0.0001 0.265
Anterior descending < 0.0013 0.203
coronary artery distribution
DOE and (PND/orthopnea) <0.0062 0.173
Heart rate < 0.0225 0.130
Left main coronary artery < 0.0432 0.115
Circumflex artery distribution < 0.0835 0.103
Proximal right artery < 0.0929 0.103
*Two-sided t test. R = 0.61 (R2 = 0.37) is the square root of the
coefficient of determination). B value = a measure of the weight con-
tributed by each variable in the multifactor regression; DOE = dyspnea
on exertion; PND = paroxysmal nocturnal dyspnea. (Reprinted with per-
mission from Oberman A, et al. [14].)
multivariate analyses also came from the CASS (J6) . In this
careful prospective report by Weiner et al. (16) (Table 9),
clinical descriptors, specifically including the presence or
absence and severity of angina pectoris, exercise electro-
cardiography and angiographic variables were assessed as
potential independent predictors of mortality in persons with
coronary disease included in the CASS Registry and treated
by nonsurgical means . This study failed to produce evidence
that the mortality rate of coronary disease is materially af-
fected by the presence or absence of angina pectoris or by
the severity of anginal symptoms. When all 30 clinical ex-
ercise test and angiographic variables were analyzed con-
jointly, the most important predictors were the left ventric-
ular contraction pattern (p =:: 0.0001) and the number of
diseased coronary arteries (p < 0.003). Additionally, three
clinical (gender, diuretic drug and digitalis therapy) and two
exercise test (peak heart rate and final exercise stage) vari-
ables yielded independent prognostic information. In neither
uninvariate nor multivariate analysis did the type of chest
pain or its severity contribute to prognosis. However, all
patients in this study had angiographically demonstrated
hemodynamically significant coronary artery disease .
Table 8. The Coronary Drug Project*
Total no. of patients = 2,789 men taking placebo after surviving acute
myocardial infarction
Death (3 yr) = 358 patients (12.8%)
Linear regression analysis of multiple variables in order of importance (of
135 recorded variables) :
I . ST depression-rest ECG
2. Cardiomegaly (X-ray film)
3. NYHA functional class (congestive heart failure)
4. Ventricular conduction defect (rest ECG)
5. Use of diuretic drugs
Significant left main coronary stenosis
History of peripheral vascular disease
NYHA functional class IV failure
Arteriovenous oxygen difference
Number of diseased vessels
Abnormal LV contraction
PVCs on rest ECG
Nonspecific intraventricular conduction defect
LV end-diastolic pressure
Anterior LV asynergy
Progressive chest pain
Nocturnal chest pain
Left bundle branch block
< 0.01
< 0.0 1
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
<0.01
< 0.01
<0.01
< 0.05
<0.05
<0.05
*Note that neither angina nor coronary insufficiency (symptoms) is
included in either the 5 variable model or 10 variable model. ECG =
electrocardiogram; NYHA = New York Heart Association. (Reprinted
with permission from Coronary Drug Project Research Group [15].)
Variables are listed in descending order of adjusted chi-square statistics.
ECG = electrocardiogram; LV == left ventricular; NYHA = New York
Heart Association; PVCs = premature ventricular complexes. (Reprinted
with permission from Harris P, et al. [17].)
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Table n. Natural History of Mildly Symptomatic or
Asymptomatic Persons With Coronary Artery Stenosis
Total no. = 144 (persons with left main coronary artery disease or severe
left ventricular dysfunction excluded)
Follow-up = 3 years (average)
Mortality rate = I vessel*: 1.5%/yr
2 vessels: 1.5 to 2%/yr
3 vessels: 6%/yr
With normal endurance time = 4%/yr
With abnormal endurance time = 9%/yr
*Stenosis ~50% luminal diameter. (Reprinted with permission from
Kent KW, et al. [18].)
fixed coronary stenosis and the state of ventricular function,
but is not of extreme importance. The mechanisms are not
clear, but might include coronary vasospasm, tendency to
ventricular arrhythmia or some form of altered coagulation.
Further analysis of these possibilities is needed. Clinical
experience suggests that the unstable state is of much greater
importance than suggested by its rank in the study by Harris
et al. (17). Its failure to assume greater significance might
reflect the multiplicity of conditions that relate to the un-
stable form of angina pectoris.
Follow-up Studies of Persons With
Established Coronary Disease Who Are
Asymptomatic or Have Relatively
Mild Stenosis
National Institutes of Health Study. Several recent
studies on asymptomatic or minimally symptomatic persons
with documented coronary artery disease suggest that such
asymptomatic or minimally symptomatic persons with vary-
ing degrees of coronary artery disease, including those with
50% or more narrowing of three vessels, have a very low
probability of death (including sudden death) over a period
of several years follow-up. One such study is that of Kent
et al. (18). These investigators reported a low annual mor-
tality rate of 1.5 to 2% in such mildly symptomatic patients
with single or double vessel disease (Table II). However,
patients with left main stenosis or severe left ventricular
dysfunction were excluded. Moreover, in patients with triple
vessel disease and impaired effort tolerance, the annual mor-
tality rate was 9%. The major lesson of this study is that
some asymptomatic patients with multivessel coronary dis-
ease with a good left ventricle may have low mortality rates;
however, this may not have much to do with the presence
or absence of angina, except that almost certainly patients
with unstable angina were excluded.
AucklandStudy. Another study from Auckland by Nor-
ris et al. (19) of asymptomatic or minimally symptomatic
men younger than 60 years of age who survived a recurrent
myocardial infarction. Although these investigators con-
cluded that the prognosis for the group of patients treated
medically was better than previously described, of the total
of 132 patients (of 205 survivors of recurrent infarction)
treated nonsurgically, the gross mortality rate at 5 years was
approximately 46% (60 of the 132 patients). Forty-five pa-
tients were not studied angiographically and were excluded.
Thirty-three of these 45 patients died during the follow-up
period, 9 in the first 2 months while awaiting readmission
for coronary arteriography. Also excluded were 39 patients
who elected medical rather than surgical treatment, 16 of
whom died during follow-up. Finally, after these exclu-
sions, there were 50 patients randomized to nonsurgical
follow-up. Fifteen percent of these patients died in 5 years,
with 7 of the 50 crossing over to surgical treatment. Thus,
the conclusions that the prognosis of medically treated pa-
tients with severe coronary disease is better now than pre-
viously is not convincing.
The most impressive of the studies suggesting that mild
symptoms are associated with a good prognosis is the re-
cently completed CASS trial of the National Heart, Lung,
and Blood Institute (I). In this trial, 284 patients with single,
Table 12. Survival at 4 Years of Medically Treated Patients With Significant Coronary Heart Disease
Good Ventricle Fair Ventricle Poor Ventricle
(EF> 50%) (EF 35 to 49%) (EF 0 to 34%)
Study I V 2V 3V I V 2V 3V I V 2V 3V
CASS Registry 95% 93% 82% 91% 83% 71% 74% 57% 50%
1973 to 1983,9,657 men, (2,517) (2,241) (2,033) (535) (637) (785) (172) (294) (443)
52% angina class III or IV
CASS Randomized Trial 96% 98% 96% 87% 91% 83%
1975 to 1983, 365 men, (95) (99) (90) (11) (35) (36)
angina class I or II
European Randomized Trial 90% 84%
1973 to 1982, 369 men younger (150) (219)
than age 65 years, mild to
moderate angina
Numbers in parentheses indicate numbers of patients. EF = ejection fraction; 1 V, 2 V and 3 V = single, double and triple vessel disease; - =
none in category; --- = no data available.
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Table 13. European Trial (estimated 5 year survival of men younger than 65 years of age)*
No. of Vessels Proximal LAD Peripheral ST Depression 5 Year
Stenosed Stenosis Arterial Disease With Exercise (mm) Survival (%)
2 No No oto I 98
2 Yes No oto 1 94
3 No No oto I 96
3 Yes No oto 1 92
Left main No oto 1 89
2 Yes No ~1.5 88
3 Yes No ~ 1.5 83
Left main No ~ 1. 5 78
2 Yes Yes ~1.5 69
3 Yes Yes ~1.5 60
Left main Yes ~1.5 50
*Descriptors did not influence mortality rate in surgical patients . Determinants of survival were found
according to the Cox regression analysis. Ejection fraction ~ 0.50. LAD = left anterior descending coronary
artery. (Reprinted with permission from the European Coronary Surgery Study Group [21].)
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double or triple vessel disease and good left ventricular
function (ejection fraction > 50%) and 72 patients with
coronary disease and fair ventricular function were followed
up, and survival at 4 years was determined. Ninety percent
were men (all :5 65 years, all with stable syndromes and
all with only mild symptoms: angina class I or II) (Table
12). The 4 year survival for the patients with good ventric-
ular function was excellent, the annual mortality rate being
I% or lower, even in patients with double or triple vessel
disease. However, this extraordinary survival rate was not
obtained for the patients in this trial if even moderate im-
painnent of left ventricular function was present. The 4 year
mortality rate of patients with moderately impaired left ven-
tricular function was 3, 9 and 17% for patients with single,
double and triple vessel disease (stenosis ~70%), respec-
tively. Even so, these mortality rates are substantially lower
than those reported in other studies performed during ap-
proximately the same time period .
CASS versus European Randomized Trial. Survival
of medically treated patients in the CASS Registry (20) and
in the European Randomized Trial (21) is remarkably sim-
ilar, and remarkably dissimilar from survival in the CASS
Randomized Trial. The reasons for the differences are of
great timely interest. One difference, of course, is the rel-
atively asymptomatic state of the patients in the randomized
trial, and this possibility cannot be absolutely refuted. How-
ever, this is difficult to reconcile with other observations ,
including the frequency of unexpected sudden death, the
lack of premonitory symptoms in a high percent of persons
sustaining acute myocardial infarction and the lack of sig-
nificance of angina or its severity in the univariate and
multivariate assessment of predictors of prognosis in persons
with established coronary heart disease. Furthermore, the
patients in the European Randomized Trial also had very
mild symptoms (after vigorous treatment), but had a sig-
nificantly higher annual mortality rate. In the CASS Regis-
try, some of the patients were older than 65 years and many
were in an unstable condition, with recent infarction, in-
tennediate coronary syndrome or crescendo angina as the
primary indicators for coronary arteriography. As already
noted, this unstable state may be an important independent
predictor of survival (17).
Other than the mildness of angina and the degree of
instability of the clinical syndrome, there are other possible
explanations for the unusually good survival of the patients
in the CASS Randomized Trial. Less than 35% of the pa-
tients in this trial had severe stenosis of the proximal portion
of the left anterior descending artery. There is convincing
data from a number of studies that proximal left anterior
descending coronary artery disease has unfavorable con-
notations for survival. One of these studies (12) involved
Cox regression analysis of determinants of survival in med-
ically treated patients of the European Randomized Trial
(Table 13). In this study, all subjects were male, younger
than 65 years of age, with mild to moderate stable angina .
All had good ventricular function with an ejection fraction
of 50% or greater and either double or triple vessel coronary
disease. When mortality was assessed by the number of
diseased vessels, three other major independent determi-
nants of survival were found according to the Cox regression
analysis. These included proximal left anterior descending
artery stenosis, the magnitude of ST segment depression
with exercise testing and the presence or absence of asso-
ciated peripheral vascular disease. In this study, the 5 year
Table 14. Lack of Influence of Postinfarction Angina on
Survival After First Heart Attack
Total No. = 252 men (age < 60 yr) surviving first heart attack, followed
up for 4 years
Of 79 men with angina, 12 (15.2%) died in 4 years
Of 173 men without angina, 22 (12.7%) died in 4 years
(Reprinted with permission from Mulcahy R, et aI. [22].)
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survival of men of the same age with good ventricular func-
tion and double vessel disease ranged from 98% in those
without proximal left anterior descending artery disease, no
peripheral vascular disease and less than 1 mm ST segment
depression to 69% if these predictors were present.
The essential point of the foregoing discussion is to em-
phasize that many factors other than the presence or absence
of angina may have been important determinants in the
differences between the survival of patients in the CASS
Randomized Trial and those of the other studies. It would
appear entirely unjustifiable to ascribe differences in sur-
vival among various cohorts to differences in treatment un-
less it can be clearly shown that the cohorts are indeed
similar.
There are other studies of survival of patients with es-
tablished coronary disease without angina (Table 14). Mul-
cahy et al. (22) found that 22 (12.7%) of 173 men surviving
acute infarction without postinfarction angina died during
the first 4 years of follow-up, essentially the same rate as
those with angina.
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